In order to estimate the economic costs of climate change for Tunisia, this paper uses a combination of biophysical and economic models. In addition, the paper draws on the literature to complement the quantitative analysis with policy recommendations on how to adapt to the changing climate. The results bear out the expectation that climate change has a negative but weak overall effect on the Tunisian economy. Decomposing the global and local effects shows that global climate change may benefit the agricultural sector since higher world market prices for agricultural commodities are likely to stimulate export expansion and import substitution. Locally felt climate change, however, is likely to hurt the agricultural sector as lower yields reduce factor productivities and lead to lower incomes and higher food prices. The combined local and global effects are projected to be mostly negative and the costs will have to be carried mainly by urban and richer households. From a policy perspective, the results suggest that Tunisia should try to maximize the benefits from rising global agricultural prices and to minimize (or reverse) declining crop yields at home. JEL Classifications: O5, O13, D13, C68
INTRODUCTION
Climate change affects countries through a wide variety of channels and sectors, but the most obviously climate sensitive sector is agriculture (Mendelsohn and Dinar, 2009) . A recent World Bank report on climate change and development in Tunisia confirms that the country is and will continue to be impacted mainly through climate change's adverse effects on crop yields and livestock productivities resulting from increasing temperatures, reduced and variable precipitation, and salt water intrusion from rising sea levels . These negative impacts on agriculture in turn have been shown to negatively affect livelihoods and human well-being, especially among the most vulnerable people in Tunisia (Kronik and Clément, 2013) .
Thus, the present study focuses primarily on Tunisia's agricultural sector. By doing so it distinguishes itself from previous studies and contributes to the climate change literature in two main ways. First, it does not only take the climate change induced local impacts of changing yields into account, but also the global impacts from changing yields 2 in the rest of the world. The latter will affect agricultural world market prices for net importing and exporting countries with welfare implications at the household and macroeconomic level. Second, it takes into account the indirect effects that these local and global effects will have on non-agricultural sectors, especially the food-processing sector. When prices and yields of agricultural production change due to climate change, a series of cascading effects can be expected to take place. For example, if agricultural product prices rise, farmers will benefit by receiving higher incomes and thus improve their welfare. Yet, food processing industries are likely to suffer as they will face higher input prices. Consumers' real income will decline as they will have to spend a larger share of their budgets on food items. The changing prices and yields will also affect the relative profitability of the agricultural sector compared to other sectors, and depending on the adjustment flexibility of commodity and factor markets, autonomous adjustments to climate change may lead to very different welfare outcomes. Thus, the question of who bears the costs of climate change depends on a number of country specific characteristics.
To assess the socioeconomic costs for the case of Tunisia, this paper uses a recursive-dynamic computable general equilibrium (DCGE) model to quantify the climate change effects on agriculture, other economic sectors and household welfare in a global and local climate context. The general equilibrium framework allows for capturing explicitly all the major linkages between agriculture, the rest of the economy and households, which are the driving forces behind intersectoral allocation effects. The results will show that including interindustry linkages, exchange rate revaluations and factor price changes are critical for determining the final resource pull effects of climate change. Leaving any one of these effects out can lead to misleading conclusions on the impacts of climate change and inadequate policy recommendations with regard to mitigation and adaptation policies.
We follow an approach developed by Breisinger et al., which links results from the Decision Support System for Agrotechnology Transfer (DSSAT) and results from the International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT) with country-specific dynamic general equilibrium models . In this paper, we focus the description of the modeling suite on the country-specific features and results for Tunisia and do not describe the DSSAT and IMPACT calculations of yield changes and world market price changes in detail. More specifically, the remainder of this paper is organized as follows. Section 2 introduces the DCGE model used. The discussion is organized in terms of modules, or model components. In section 3, the most important structural characteristics of the Tunisian economy are discussed first. Subsequently, general equilibrium analysis is applied to identify factors which account for structural and distributional changes. Finally, section 4 summarizes the main results and concludes with policy recommendations.
3 between import-substituting sectors (wheat, other cereals, legumes, forage crops, vegetables, and other agriculture) , export-oriented sectors (fruits), and non-traded sectors (olives). The other agricultural sectors are livestock, forestry, and fishing. Several foodprocessing sectors (meat, milk & milk products, flour milling & its products, olive oil, canned food products, sugar and its products, other food products, beverages) are separated from other industry to capture their strong direct backward linkages to agricultural production. Finally, there is one service sector, which includes both private and public services. The model is based on a Social Accounting Matrix (SAM) for 2001 (Chemingui, 2001) , the base period of the study, that integrates national income, inputoutput, flow-of funds, balance-of-payments current accounts and household survey data into a comprehensive and consistent data set. The aggregated SAM and its components are presented in Appendix Tables A1 to A4 . It is assumed to represent the initial equilibrium position of the Tunisian economy and provides numerical values to several parameters of the analytical model.
The analytical model belongs to a class of dynamic planning models developed by Dervis et al. (1982) . The model used here follows a standard specification as documented in Diao and Thurlow (2012) . One distinguishing characteristic of this type of model is its rooting in microeconomic theory: Producers minimize costs subject to certain technology constraints and prices, while consumers maximize utility subject to a budget constraint. Another trait is the detailed attention devoted to income and expenditure flows, including the extended functional distribution and the distribution of functional income to the owners of factors, i.e. different households, which allows for impact analysis; SAMs provide the structural backbone of these models.
While the equations of the model are summarized in Table 1 , the following description focuses on the Tunisia-specific features and those parts of the Diao-Thurlow model that are most relevant for the subject of this paper, namely the impacts of changing world market prices and agricultural yields: ─ Domestic consumers have constant-elasticity-of-substitution (CES) utility functions over imports and domestically produced goods. Assuming that they seek to minimize the costs for acquiring a given amount of an Armington composite good (Armington, 1969) , the demand for domestically produced goods and imperfect substitutes that are imported become derived demands. This leads to diverging import and domestic prices, one of the key drivers of the results of this paper. ─ On the export side, producers are assumed to maximize revenues from selling to domestic and foreign markets subject to a constant-elasticity-of-transformation (CET) function, which defines the ease with which goods and services may be traded on the domestic and foreign markets. ─ Capital is assumed to be fixed and sector-specific in the short term, i.e. within individual periods, but new capital from past investments is allocated to sectors according to profit rate differentials under a "putty-clay" specification. There are three labor groups: family labor and agricultural labor, which is only used in agricultural sectors, and non-agricultural labor, which is employed exclusively in industrial and services sectors. There are also three types of land, which are exclusively used for crop production: rainfed land, irrigated land and perennial land. Perennial land is exclusively used in fruits and olives production, while rainfed land is not used in vegetables production. All labor and land types are mobile across Diao and Thurlow (2012) .
sectors. This means that workers in each group and land owners receive the same wage and income from land in every sector. Moreover, mobility of land within periods implies that farms and plantations are multi-product firms, which reallocate land across agricultural goods in an attempt to equalize real producer rentals. ─ The level of foreign savings is assumed to be exogenous and fixed at the initial level.
The level of investment is determined by the level of savings in the economy, the latter being the sum of private, public and foreign savings. ─ The exchange rate is held constant as the model focusses entirely on the "real"
economy. This means that all variables related to the real economy depend on relative prices and a numeraire determines the absolute price levels. We chose a constant exchange rate as the numeraire due to our interest in the incidence of climate change impacts on household welfare rather than the redistribution effects, which result from exchange rate revaluations.
The model's variables and parameters are calibrated to observed data from the national SAM that captures the initial equilibrium structure of the Tunisian economy in 2001. Parameters are then adjusted over time to reflect demographic and economic changes and the model is re-solved for a series of new equilibriums for the thirty-year period 2001-30. Between periods the model is updated to reflect exogenous rates of land and labor expansion. The rate of capital accumulation is determined endogenously, with the level of investment from the previous period converted into new capital stock using fixed prices. The new capital is added to previous capital stocks after applying a fixed long-term rate of depreciation. Finally, the model captures total factor productivity through the production function's shift parameter, with the rate of technical change determined exogenously, in our case inter alia by yield changes from DSSAT.
ECONOMIC IMPACTS OF CLIMATE CHANGE IN TUNISIA

Climate Change Scenarios
The model outlined above is the basis for the analysis of climate change impacts described in this section. The analysis consists of examining the impact of increasing world market prices and yield changes, while we will focus the description of results mainly on sectoral value added and household welfare over the period 2001 to 2030. The impact is measured by comparing changes that result from two climate change scenarios (MIROC and CSIRO) with a perfect mitigation (NoCC) scenario. 1 Thus, we have a total of three sets of scenarios ( Table 2) .
The first set captures the global impacts of climate change, while the second set assesses the local impacts of climate change. The third set combines the two to assess the joint effects. Within the first set of scenarios, we design three scenario subsets: scenario 1 changes the world market prices for wheat, other cereals, olives and olive oil, fruits, and vegetables consistent with IFPRI's IMPACT model results under perfect mitigation of climate change.
2 Under these conditions, world market prices for wheat, fruits and olive oil would increase by about 45 percent from 2001 to 2030, those for other grains by 41 percent, and prices for vegetables would rise by only 9 percent ( Table 2 ). The results of this scenario provide a benchmark against which the other scenarios' results are assessed.
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Scenario 1A explores climate change-related price effects under MIROC A1B with the assumption that no climate change impacts are felt locally in Tunisia. Scenario 1B is a scenario to test the sensitivity of results to alternative world price projections under CSIRO A1B. Scenario 2 imposes the yield changes from the DSSAT model on a crop by crop level.
3 These include changes in yields for wheat, other grains (barley) and vegetables (potatoes) directly taken from the DSSAT model. In the absence of more specific information and consistent with the literature, we assume that yields of other agricultural crops such as fruits and olives are also negatively affected. Results for scenarios 1A−3B are reported as a change from the perfect mitigation scenario to isolate the climate change effects. 
Sector and Household Characteristics
Tables 3 and 4 provide a summary of the most important structural features and elasticities, which together determine the results of the simulations. Columns (1) and (2) of Table 3 describe the structure of production across sectors. The structure of gross output reveals the typical composition of production found in a semi-industrialized country, where agriculture still provides a large share of gross domestic output. Agriculture is an important part of the Tunisian economy, accounting for 12 to 16 percent of GDP, depending on the year. Agriculture and related food processing make up 27 percent of gross domestic production. The importance of intermediate inputs for each sector is reflected in the per-unit value added in column (2). High value-added ratios in the agricultural sectors indicate small backward linkages. Conversely, the food processing sectors exhibit the lowest value-added ratios suggesting strong backward linkages, particularly to agriculture (see Table A4 ). This implies that any rise in agricultural prices as a result of global and local climate change increases intermediate input costs in these sectors thereby hampering international and national competiveness of the food-processing sectors.
FIGURE 1. GLOBAL FOOD PRICE SCENARIOS, PRICE INDICES, 2000=100 (2000-2030)
Source: IFPRI's International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT). Note: NoCC stands for no climate change (or perfect mitigation).
Columns (3 to (7 provide information about each sector's use of labor, capital and land. Family labor, agricultural labor and land are not used in industrial and services sectors, while non-agricultural labor is not used in agricultural production. Thus, there is no competition on the national level for labor between agriculture and non-agriculture. But these sectors do compete for capital. Agriculture and services are labor-intensive. Food processing as a whole is the most capital intensive and other industries are somewhere in between.
The next three columns provide information about each sector's trade orientation. Column (8) indicates that 5 out of the 13 tradables-producing sectors export more than 10 percent of their output, with olive oil, canned food products and other industrial goods being the most export-oriented sectors in the economy. Olives are not directly exported, yet 36 percent of olive oil is exported. In general, export ratios are low and reflect a country that has followed an inward-looking development strategy. On the import side, the typical picture emerges when one considers both the share of imports in domestic absorption (which indicates the degree of "import orientation" and the share of imported intermediate inputs in total intermediate inputs (which indicates the degree of "import dependency" . Food crop sectors and other industries are the most import-oriented sectors and most agricultural and food processing sub-sectors are highly importdependent too. Olives and meat are the only non-traded sectors, yet 23 percent of total intermediates used in olives production are imported.
TABLE 3. STRUCTURE OF THE TUNISIAN ECONOMY IN THE BASE YEAR SOLUTION
The last two columns show the elasticities that determine the sectoral results of climate change simulations in the model. Production technology for sectoral value added is modelled by two-level CES production functions and the shares observed in the benchmark equilibrium data together with the factor substitution elasticities provide a set of partial labor demand and output elasticities. Given this technology specification and identical factor substitution elasticities of 2.0 for any pair of primary factors in all production sectors, price elasticities are highest in labor-intensive sectors with a large share of labor value added in total value added (see column (11). Since (i) the demand for intermediate goods is not price sensitive, (ii) investment demand is specified by fixed capital composition shares, and (iii) government consumption demand is determined exogenously, the partial equilibrium price elasticity of demand for the composite good in each sector is almost completely determined by the price elasticity of consumer demand. Consumer demand is derived from a Linear Expenditure System (LES) with exogenously estimated income elasticities of demand. The resulting partial own-price elasticities are presented in column (12 the extent of product differentiation that are due to differences in quality and degree of product homogeneity. We assume identical import substitution elasticities of 3.0 and identical export transformation elasticities of 2.0 for all goods to reflect the fact that import orientation in Tunisia is higher than export orientation. Together with the trade shares shown in columns (8 and (9 , these trade elasticities determine the sectors' trade adjustment flexibility to terms-of-trade-shocks. With identical trade elasticities across sectors, the extent of export expansion and import-substitution in individual sectors is determined by trade shares. Household welfare is affected by climate change on the income earnings side via changes in factor remuneration and on the expenditure side via changes in consumer prices. Table 4 summarizes income and expenditure patterns for rural farm and non-farm households as well as for urban households.
TABLE 4. STRUCTURE OF HOUSEHOLD INCOME AND EXPENDITURES IN THE BASE YEAR SOLUTION
Source: Tunisia DCGE model.
Farm households make up 30 percent of the population and earn about 9 percent of total household income, while the population and income shares are 30 percent and 19 percent for rural non-farm households and 40 percent and 70 percent for urban households. The sources of household incomes are strongly related to factor and human capital endowments. Farm households receive most of their income from labor (about 75 percent): from family labor (28 percent), agricultural labor (17 percent) and nonagricultural labor (30 percent). Urban and rural non-farm households rely exclusively on non-agricultural labor and capital as income sources. On the expenditure side, one of the main differences between rural and urban households is that the former spend a larger share of their income on agricultural goods. Among rural households, this share is larger for farm households than for rural non-farm households.
Climate Change, Agricultural Adjustment, and Household Welfare
We can now use our fully specified numerical model to examine the effects of climate change. Because we are primarily interested in the impact on agriculture and household welfare, emphasis will be given to a discussion on how and why individual agricultural sectors are affected differently, and how this affects the functional and household income distribution. We will first discuss the direct impacts of global climate change via increasing world market prices, then the direct impacts of local climate change via reduced agricultural yields, and finally the indirect impacts. Rising world market prices increase the difference between the domestic price of imports and domestically produced substitutes. As a consequence, the composition of the composite good changes and the demand for the domestically produced substitute increases. This causes upward pressure on the domestic price of agricultural goods. The resulting change in domestic prices depends on the cross-price elasticity of demand for the domestic good, which itself depends on the price elasticity of demand for the composite good and the elasticity of substitution between the domestically produced and foreign goods. Increasing world market prices as a result of global climate change will, ceteris paribus, lead to an increase in demand for the domestically produced substitutes ─ if it is easy to substitute them for imports (as indicated by high substitution elasticities); ─ if the sectoral import share is large (implying relatively large demand increases for the domestic product in order to compensate for relatively small reductions in imports); ─ if the demand for the composite good is relatively inelastic with respect to the composite price (reflecting the importance of these goods as intermediates in domestic production). Moreover, the extent of the increase in domestic agricultural prices also depends on production characteristics as indicated by the elasticity of domestic supply. Low supply elasticities imply large increases in the domestic price in the case of small shifts of domestic demand. Finally, export supply is also important in case of changes in agricultural world market prices, especially if the export share is large. The higher the elasticity of transformation between supply to the foreign and the domestic market, the larger the domestic price change resulting from increasing world market prices will be. The increase in the world market price will lead to a rise in exports as domestic output is withdrawn from domestic use towards foreign markets. The easier this transformation process, the larger the price increase will be.
Given the structure of the Tunisian economy (Table 3 ) and the demand characteristics of agricultural markets one would expect large price increases for wheat, other cereals, olives and olive oil in response to the world market price changes ( Figure  1 ). These sectors exhibit high import intensities and low composite demand elasticities. Together with high substitution elasticities of 3.0, these characteristics imply large shifts of the domestic demand towards domestically produced goods. By contrast, low import intensities in the fruits and vegetables sectors imply much lower shifts in domestic demand. Finally, high export intensities and low supply elasticities together with high transformation elasticities of 2.0 in olive oil supply (and other sectors' supply mean that there is additional upward pressure on the domestic price of olive oil from the supply side as producers shift their supply from the domestic to the foreign market.
Direct Impacts of Local Climate Change Via Changing Yields
Lower yields as a result of local climate change (mainly through lower precipitation and higher temperatures in Tunisia) reduce domestic agricultural outputs and cause upward pressure on domestic prices, which causes producers and consumers to shift their production and consumption towards foreign markets, thereby reversing the impacts of global climate change described above. As in the case of world market price changes, the extent of the restructuring of supply and demand depends on the cross-price elasticities. However, as indicated in Table 3 , while global climate change affects only a small proportion of total output (3.7 percent of wheat and 13.3 percent of fruits), local climate change affects total output of all types of crops. Although yield reductions are projected to be much lower for wheat, legumes, forage crops, and other agriculture than for other grains, olives and fruits, and are generally lower in the CSIRO than in the MIROC climate change scenarios (Table 2) , local climate change has a significant negative direct impact on agricultural output and factor income earning possibilities in the agricultural sector, as will be shown below.
These are the direct effects determining the initial domestic output price response in the affected agricultural markets. In order to estimate the final resource shifts and the impact of climate change in Tunisia, we also take into account the indirect or economy-wide effects in the following section.
Indirect Impacts of Global and Local Global Climate Change
Effects on intermediate input costs:
Other things being equal, those sectors with strong backward linkages to those sectors, which are most affected by global and local climate change, are the most negatively affected, whereas strong forward linkages stimulate production. As can be seen from the per-unit value added shares (Table 3 , column 2), secondary inputs are not very important in any of the agricultural sectors. Moreover, input coefficients (Table A4) indicate that inter-industry linkages are weak among Tunisia's agricultural sectors. However, forward linkages to the olive oil sector are strong for olives -the only non-traded agricultural sector -as indicated by the share of intermediate demand in gross domestic production in connection with the input coefficient. This means that any expansion of olive oil production would stimulate the production of olives.
Real exchange rate effects: An increase in world market prices will lead to a shift of demand towards domestically produced tradables and non-tradables thereby leading to a balance-of-trade surplus. In addition, higher world market prices provide an incentive to producers to shift their supply from domestic to export markets thereby increasing the trade surplus. The trade surplus is somewhat reduced by higher domestic prices, which result from lower agricultural yields and the following restructuring of supply and demand towards domestic markets and import markets, respectively. Given the model specification, the price of tradables will fall relative to the price of non-tradable goods and services in order to eliminate the balance-of-trade surplus, i.e. an appreciation of the real exchange rate will take place. In addition, sensitivity analysis shows that the real exchange rate response increases with decreasing trade elasticities. This is because the rise in domestic prices needed for reducing exports and for increasing imports in order to eliminate the trade surplus is stronger the lower the export transformation and import substitution elasticities are. Consequently, in the global climate change scenarios, the total real exchange rate appreciation is 50 and 30 percent higher in the MIROC and CSIRO scenarios compared to the perfect mitigation scenario by 2030.
Factor income effects: There is an effect on factor remuneration that will have a differential impact across sectors, depending on the differences in relative factor intensities ( Table 5 ). As shown in Table 3 , labor markets are segmented as nonagricultural workers are exclusively employed in industry and services, while land and family and agricultural workers are only used in agriculture. Thus, direct spillovers via labor and land markets of global and local climate change are restricted to agricultural sub-sectors. Moreover, capital is assumed to be sector-specific in the short run and mobile across all sectors in the long run (putty-clay assumption). This means that over time capital stocks are reallocated both between agricultural sub-sectors and between agriculture, industry and service sectors. While decreasing agricultural yields due to local climate change lower the remuneration of all factors under both climate change scenarios, higher world market prices for agricultural goods caused by global climate change increase the average agricultural wage and land rental rate: Family workers' and agricultural workers' wage rates are projected to increase between 0.35 and 1.2 percentage points more than under a perfect mitigation scenario (Table 5 ). The average land rental rate also increases and this increase is strongest for perennial land exclusively used in olives and fruits production. By contrast, the profit rate and the wage rate for nonagricultural workers decrease in both climate change scenarios due to both global and local climate change impacts. This is because changes in world market prices and in yields have a strong impact on economic structure. In general, higher agricultural prices (lower agricultural yields) increase (decrease) domestic wages, profits and land rentals. Affected sectors and non-tradables producing sectors benefit (loose) from global (local) climate change. Since these sectors are very intensive in the use of agricultural labor and perennial land, the wage rate for agricultural workers and the land rental for perennial land rises (falls) the most. Capital, which is intensively used in industry is attracted into agriculture, thereby lowering both the average profit rate (because capital has become relatively less scarce) and the wage rate of non-agricultural workers (because limited mobility excludes urban-rural migration). The changes in the foreign terms of trade in the case of global climate change and the yield changes in the case of local climate change affect incomes. Global food price changes are projected to raise domestic absorption by between 1 and 5 percent until the year 2030 in the CSIRO and MIROC scenarios, respectively, while lower yields are projected to lead to a slower decrease in absorption of between 0.7 and 2.3 percent. Figures 2 to 5 report the changes in sectoral GDP, agricultural sub-sectoral GDP and household welfare of global and local climate change under the two climate change scenarios compared to a benchmark scenario of perfect mitigation. These results take into account autonomous adjustments by Tunisian producers and consumers and therefore provide information on the expected (total) impact of climate change at the sectoral and household levels. 4 In general, the results bear out the expectation that climate change (i) has a strong negative effect on agriculture, (ii) has a negative but weak overall effect on the Tunisian economy, and (iii) that this effect is much weaker for the CSIRO scenario than for the MIROC scenario. 5 The impact of local climate change via lower agricultural yields dominates the impact of global climate change via higher world market prices for agricultural goods, but higher world market prices and lower yields affect only 1.4 percent and 4 percent of total Tunisian output, respectively (Table 3) . This is best illustrated at the macro level (Figure 2) . The combined impact of climate change leads to a reduction in GDP of 0.2 to 0.4 percent compared to the perfect mitigation scenario, which can be traced back almost exclusively to agricultural gains and losses ranging from 0.7 percent to 1.9 percent and -1.2 percent to -5.3 percent in the CSIRO and MIROC scenarios, respectively. These results correspond with findings for other countries in Latin America and the Middle East and North Africa (MENA) region (Andersen et al. forthcoming; ).
FIGURE 2. IMPACTS OF CLIMATE CHANGE ON SECTORAL AND TOTAL GDP, 2000-2030
Source: Authors' elaboration based on DCGE simulation results.
A more differentiated picture emerges when we turn to an examination of the resource pulls at the agricultural sub-sector level ( Figure 3 ). As can be seen, olive production is the only agricultural sub-sector that is projected to benefit from climate change and the benefits are solely attributable to higher world market prices, i.e. the expected impacts of global climate change, which overcompensate for the losses resulting from yield reductions, i.e. local climate change. Yet, olives are a pure non-tradable (see Table 3 ) and therefore not directly affected by world market price changes. Moreover, according to the data, olives are not directly consumed by private households and all production enters the processing sector. Thus, the expansion of the olive sub-sector stems from indirect effects as described above and specifically from rising intermediate demand from the oils processing manufacturing sub-sector.
FIGURE 3. IMPACTS OF CLIMATE CHANGE ON AGRICULTURAL SUB-SECTORS, 2000-2030
The oils processing manufacturing sector as a highly traded good (Table 3) benefits twice: Import substitution by consumers in response to a higher import price drives up the price for the domestically produced substitute. At the same time, export transformation by domestic producers in response to higher export prices reduces domestic supply, which leads to an upward pressure on the domestic price. Thus, both oil processing and olive production benefit from global climate change, the former from higher world market prices and the latter from backward linkages of oils processing.
All other agricultural sub-sectors experience real income losses as a result of climate change (Figure 3) . The expansion of olives production exerts upward pressure on wages and land rental rates for perennial land (see Table 5 ) thereby increasing production costs. A higher land rental for perennial land affects the production of other fruits, which is the only sector that competes with olives for the use of this type of land (see Table 3 ). However, land rentals for dry land and irrigated land also increase as agricultural producers try to substitute more expensive labor by using more land. The changes in real incomes are most pronounced in agricultural sub-sectors, which depend on agricultural labor and family labor that are intensively used in olive production, i.e. forage crops and other agriculture. Yet, these are tiny sectors contributing less than 0.1 percent to overall output (see Table 3 ). Overall, the real income losses in agriculture are mainly due to lower yields in the production of olives, other grains, other fruits and vegetables, which cannot be compensated by income gains that result from higher world market prices for olives and olive oil.
While climate change reduces agricultural and overall GDP under both climate scenarios, the factor market effects described above lead to a redistribution of income and changes in consumer prices, which affect individual household's welfare differently. 6 As shown in Figure 4 , rural farm households benefit from climate change, while urban households' welfare is negatively affected. Rural non-farm households are almost unaffected by climate change. Moreover, the improvements in rural welfare are exclusively driven by global climate change impacts, whereas local climate change impacts lead to welfare reductions for all households. This is due to differences in factor endowments. Rural households are mainly endowed with agricultural and family labor, for which wages are projected to increase due to higher world market prices for agricultural goods. Urban households receive most of their income from lower-paid, nonagricultural labor and capital (that becomes relative abundant; see Table 5 ).
FIGURE 4. IMPACTS OF CLIMATE CHANGE ON HOUSEHOLD WELFARE, BY HOUSEHOLD TYPES, 2000-2030
Source: Authors' elaboration based on DCGE simulation results. Moreover, climate change impacts on household welfare seem to be pro-poor because rural households, which are at the lower end of the income spectrum, receive most of their income from farm activities and from supplying agricultural labor ( Figure 5 ). As net producers of agricultural goods, the poorer segments of the Tunisian society benefit from higher agricultural prices that result from global climate change, but are more severely affected from lower yields. By contrast, better off segments of the Tunisian society are net consumers of agricultural goods and are therefore negatively affected by higher prices, both as a result of global and local climate change. However, welfare losses are small since factor market spillovers to the industrial and services sectors are limited. As a result, earned income in these sectors is only weakly affected. In addition, agricultural goods make up only a small share of the consumption basket of these households, and therefore price changes do not affect real consumption much. Nevertheless, the cost of climate change has to be borne by industrial and services sectors and those employed in these sectors, while the agricultural sector and those who earn their living from this sector are projected to benefit.
FIGURE 5. IMPACTS OF CLIMATE CHANGE ON HOUSEHOLD WELFARE, BY INCOME DECILES, 2000-2030
SUMMARY AND CONCLUSIONS
This paper has addressed specific questions within the broader discussion on climate change impacts in developing countries. Specifically, we have analyzed the impact of global and local climate change impacts on economic growth, resource allocation and household welfare in Tunisia using a dynamic computable general equilibrium model of an open economy featuring product differentiation between domestically and foreign produced goods. The analysis was carried out at a twenty-one sector level of disaggregation, including 11 agricultural and 8 food processing sectors. Households were differentiated according to income levels and factor endowments. The main results can be summarized as follows: 1. In general, the results bear out the expectation that climate change has a negative, but weak overall effect on the Tunisian economy. This effect is much weaker for the CSIRO than for the MIROC scenario. These results conform to recent findings for countries in the MENA region and for other countries in Latin America. 2. In addition to direct effects, global and local climate change leads to general equilibrium repercussions, which have indirect effects on all sectors. Generally, global climate change is projected to benefit agriculture since higher world market prices for agricultural commodities stimulate export expansion and import substitution. Local climate change hurts agriculture because lower yields reduce factor productivities in the affected sectors. Although the effects are weaker with product differentiation, this general pattern corresponds with other partial equilibrium studies and reduced form analyses. 3. The benefit of the DCGE analysis becomes apparent at the more disaggregated level of analysis since individual, indirect effects have a differential impact across sectors. Most important are effects on intermediate input costs, the real exchange rate and factor prices. 4. Within agriculture, the production of olives is the only sub-sector that is projected to expand under climate change. This is due to the sector's linkages to the oils processing sector and the lack of a domestically produced substitute. Other agriculture, which is more export-oriented and easy to substitute by imports, suffers from the decline in exports and cheaper imports driven by the appreciation of the real exchange rate and the dominating factor-price effect. The latter also holds true for other agricultural commodities, such as other cereals, legumes, and forage crops, which are all relatively easy to be substituted by imports. These results point to the importance of economic structure in determining the final income, resource allocation and sectoral incidence effects of climate change.
The benefit of DCGE analysis also becomes apparent at the disaggregated level of household income and welfare analysis. Here too, indirect effects have a differential impact across households. 1. While rural households in Tunisia -both farm and non-farm households -benefit from global climate change and higher world market prices, all households -rural and urban -experience welfare losses as a result of the indirect factor price effects of local climate change. 2. Although rural households are more strongly affected by local climate change on the income earnings and income spending side, the resulting real income losses from local climate change are overcompensated by real income gains from global climate change. 3. The costs of climate change have eventually to be carried by urban and richer households, though overall welfare losses are rather low in Tunisia. Rural and poorer households may actually slightly gain from the economy-wide effects of climate change. From a policy perspective, the results of this paper suggest that Tunisia should try to maximize the benefits from global climate change and to minimize the losses from local climate change. At given trade structures, the former would involve a combination of policies to a) support import substitution in the wheat and other cereals sectors, and b) policies to support export diversification and export market penetration, e.g. for other fruits and other agriculture. Policies to minimize the negative impacts of local climate change in Tunisia should aim at reducing the projected yield and output losses resulting from climate change. Such policies include investments in the development of climateproof crops and enhanced extension and information services to improve on-farm management techniques, including shifts in the planting dates, choice of crop varieties, and improvements of irrigation efficiency, especially in the face of already-constrained water resources (Anderson et al. 2014) . Rosegrant et al. (2008) . 3 The DSSAT crop-modeling suite assesses the potential effects of climate change on crop yields at a very local geographical level. More technical detail is given by (Jones et al. 2003 ). 4 The model also provides results on the macroeconomic impacts of climate change on, e.g. investment versus consumption, private versus public consumption. However, the composition of real national accounts demand aggregates is hardly affected by climate change and thus not reported here. 5 The effect is higher than in the MIROC scenario if we base our DCGE analysis on the price projections of the MIR_369-A1 climate scenario and somewhere between the MIROC and the CSIRO results if we use the CSI_369_A1 climate scenario. 6 We measure household welfare by the so called Hicks'ian equivalent variation, which takes into account price changes.
APPENDIX
